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Objectives: Nicotine is a natural alkaloid and insecticide in tobacco leaves. Green tobacco sickness (GTS) is known as a disease of 
acute nicotine intoxication among tobacco farmers. Until now, GTS has been recognized globally as a disease that results from nico- 
tine absorption through the skin. However, we assumed that GTS might also result from nicotine inhalation as well as absorption. We 
aimed to measure the airborne nicotine concentrations in various work environments of Korean tobacco farmers. 
Methods: We measured the nicotine concentrations in the tobacco fields, private curing barns, and joint curing barns of farmers from 
July to October 201 0. All sampling and analyses of airborne nicotine were conducted according to the National Institute for Occupa- 
tional Safety and Health manual of analytic methods. 

Results: The airborne nicotine concentrations (geometric mean [geometric standard deviation]) in the tobacco field were 83.4 mg/m^ 
(1.2) in the upper region and 93.3 mg/m^ (1.2) in the lower region. In addition, the nicotine concentration by personal sampling was 
150.1 mg/ml Similarly, the nicotine concentrations in the private curing barn, workers in curing barns, the front yard of the curing 
barn, and in the joint curing barn were 323.7 mg/m^ (2.0), 121.0 mg/m^ (1.5), 73.7 mg/m^ (1.7), and 610.3 mg/m^ (1.0), respectively. 
Conclusions: The nicotine concentration in the workplaces of tobacco farmers was very high. Future studies should measure the envi- 
ronmental concentration of nicotine that is inhaled by tobacco farmers. 
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INTRODUCTION 

Nicotine is well known for its relationship with smoking, 
secondhand smoke, and environmental tobacco smoke; how- 
ever, the fact that nicotine is a naturally alkaloid and insecti- 
cide in tobacco leaves is less widely discussed [1,2]. Green to- 
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bacco is cultivated globally in more than 100 countries. The 
worldwide production of green tobacco was estimated at about 
5.93 million tons annually. Green tobacco is grown in China 
(39.5%), Brazil (7.2%), India (8.7%), the US (9.0%) as well as oth- 
er countries, but these four countries occupy 65% or more of 
total production [3]. In Korea, an estimated 10 000 tobacco 
farmers actively grow tobacco, and approximately 7.0 million 
kg of tobacco leaves were produced in 201 3 [4]. 

However, there is health risks associated with tobacco farm- 
ing. Tobacco farmers can be exposed to nicotine through skin 
absorption or inhalation of airborne nicotine. Nicotine is a ma- 
jor causal factor of headache, dizziness, nausea, and vomiting 
as well as a high respiratory rate, heart rate, and blood pres- 
sure because the liquid alkaloid concentration in the tobacco 
leaves is typically 1% to 6%. Absorbed nicotine directly affects 
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the central nervous systenn and raises the gag reflex [2]. The le- 
thal dose was estimated as 40 to 60 mg (0.6 to 0.9 mg/kg), and 
the workplace threshold was 0.5 mg/m^ using the threshold 
limit value time weighted average (TLV-TWA) [5,6]. This disease 
is known as green tobacco sickness (GTS). Weizenecker and Deal 
[7] first reported this disease among tobacco farmers in 1 970. 

Until recently, GTS has been known globally as a disease 
that occurs due to the absorption of nicotine through the skin 
[8-10]. However, recent studies conducted by us [1 1] and others 
[12] have suggested that absorption may also occur through 
the respiratory system. Airborne nicotine concentrations in a 
private curing barn as well as in the tobacco field were very 
high; therefore, these tobacco farmers may have been ex- 
posed to nicotine during harvesting and while curing the to- 
bacco leaves [11]. To supplement our previous study, this 
study was performed to measure the airborne nicotine con- 
centrations of all processes related to tobacco farming includ- 
ing harvesting and curing tobacco. 

METHODS 

Subjects 

Tobacco farmers living in Cheongsong-gun, a rural city lo- 
cated in Gyeongsangbuk-do, Korea were recruited for this 
study. We measured the nicotine concentrations in the tobac- 
co field, private curing barn, and joint curing barn from July to 
October 2010. All sampling and analyses of airborne nicotine 
were conducted according to the National Institute for Occu- 
pational Safety and Health manual of analytic methods (meth- 
od number 2551) [13]. Sampling areas were designated at 23 
points in the tobacco field, 30 points in the private curing 
barn, 3 points in the joint curing barn, and 20 points in the lo- 
cal schoolyard, which served as the control. The sampling in 
the tobacco field was conducted simultaneously with personal 
sampling in one farmer. The sampling in the curing barn of to- 
bacco leaves was conducted simultaneously with personal 
sampling in 10 farmers, and area sampling at 10 front yards in 
private curing barn. The institutional review board approved 
this study. 

Sampling and Analysis 

The authors sampled each area using XAD-4 sorbent tubes 
(80/40 mg; SKC, Eighty Four, PA, USA) and personal air sam- 
plers (GilAir-3; Sensidyne, St. Petersburg, FL, USA), and all sam- 
ples were collected at 0.5 L/min fiow rate. In addition, a cor- 



rection for personal air samplers was conducted before and 
after sampling using a flow calibration system (Gilibrator-2; 
Sensidyne). Sampling in the tobacco field was conducted in 
the upper and lower regions of the tobacco tree separately; 
the upper region was 15 to 20 cm from the upper leaves, and 
the lower region was 30 cm from the ground. Samples in the 
tobacco field were collected within 1 80 to 280 minutes, except 
air sampling in one tobacco farm lasted only 1 20 minutes (Fig- 
ure 1 ). Sampling in the joint curing barn was conducted at 1 .5 
m from the ground for 150 minutes (Figure 2), whereas sam- 
pling in the private curing barn was conducted in the barn 
and in the front yard outside the curing rooms for 120 min- 
utes, respectively. The collected samples were kept away from 
sunlight, wrapped in foil, and then refrigerated. Sampling 
temperature and humidity, and were measured using appro- 
priate equipment, and wind speed was measured with the Ve- 
lociCALC Plus (TSI, Shoreview, MN, USA) hot wire anemometer. 

The front and back sections of each XAD-4 tube were de- 
sorbed separately in 1 mL of modified ethyl acetate. After the 
desorption solvent and quinoline internal standard were add- 
ed, all samples were allowed to desorb for at least 30 minutes 
before analysis. To improve the ratio of nicotine to quinoline 
during quantitation, 10 |iL of the quinoline secondary stan- 
dard was used as the internal standard. The samples were then 
analyzed by a gas chromatography-nitrogen phosphorous de- 
tector (HP5890 II; Hewlett Packard, Wilmington, DE, USA) 
equipped with a 30-N\ RTX-5 (0.32 mm inner diameter, 1.0 |jm 
film) fused silica capillary column. The separation of the ana- 
lyte was achieved using the temperature program reported in 
Table 1. Nicotine analysis was performed using in the regres- 
sion equation Y= 1 0.67502X-1 2.0759, and the correlation coef- 
ficient (R) was 0.9998. Nicotine desorption efficiency was veri- 




Figure 1. Samplers used to measure airborne nicotine con- 
centrations in the tobacco field (A) and on the farmer (B). (a) 
Upper region, (b) lower region, (c) air sampler. 
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Figure 2. Measurements of airborne nicotine concentrations in the joint curing barn. (A) Joint curing barn, (B) joint curing barn 
layout 



Table I.The operating conditions of gas chronnatograpliy 



Table 2. Nicotine concentrations in tlie tobacco fields 



Descriptions 



Conditions 



Instrument HP 5890 II series 

Detector Nitrogen phosphorus detector 

Column Rtx-5 capillary column 

(30 m X 0.32 mm inner diameter, 1 .0 pm film) 

Temperature Injection 200°C 

Detector 300°C 

Column 60°C (2 min hold) to 200°C at 5°C/min; hold 
at200°Cfor1 min 



Location 



No. GM (GSDh Range, 
of sites mg/m^ mg/m^ 



Tobacco 
field 



Area Upper 23 

sampling Lower 23 

Personal Worker 1 
sampling 



83.4(1.3) 56.6-125.7 
93.3(1.2)^ 65.6-166.2 
150.1 NA 



Carrier gas flow rate He, 45 |jL/min 
Injection volume 1 
Split ratio 4:1 



fied at the concentrations 5, 10, 20, SO, and 100 ng/mL by 
adding nicotine, and the average desorption efficiency was 
89.8%. The detection limit was 3.3Xstandard deviation = 
0.1061 ng/mL 

RESULTS 

Nicotine Concentrations in the Tobacco Fields 

The average concentration of nicotine in the lower region of 
the field (93.3 mg/m^ [1.2]) was higher than that in the upper 
region (83.4 mg/m^ [1.3]), but the difference was not signifi- 



GM, geometric mean; GSD, geometric standard deviation; NA, not applicable. 
^p=0.087 by Mann-Whitney LZ-test between the upper and lower regions. 



cant. The nicotine concentration of one farmer by personal 
sampling was found to be 1 50.1 mg/ml The range of nicotine 
concentrations in the upper and lower regions of the sampled 
fields were 56.6 to 125.7 mg/m^ and 65.6 to 166.2 mg/m\ re- 
spectively (Table 2). 

Nicotine Concentrations in the Private Curing 
Barns and Joint Curing Barns 

The average nicotine concentrations at the 30 points in the 
private curing barns and the 10 points in the yards of the pri- 
vate curing barns were 323.7 mg/m^ (2.0), 73.7 mg/m^(1.7) re- 
spectively. Moreover, the average nicotine concentrations of 
the 1 0 farmers during working was 1 21 .0 mg/m^ (1 .5). At the 3 
points in the joint curing barn, the average concentration was 
610.3 mg/m^l.O) (Table 3). 
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Table 3. The nicotine concentrations in the curing barns and 
the schoolyard (control) 



Location 


No. 
of sites 


GM (GSD), 
mg/m^ 


Range, 
mg/m^ 


Private curing Curing barns 


30 


323.7(2.0) 


91.8-935.6 


b^^^s Workers 


10 


121.0(1.5) 


72.8-249.9 


Front yard of the 


10 


73.7(1.7) 


43.0-251.7 


curing barns 








Joint curing barn 


3 


610.3(1.0) 


603.5-619.0 


Schoolyard (control) 


20 


ND 


NA 



GM, geometric mean; GSD, geometric standard deviation; ND, not detect- 
able; NA, not applicable. 



DISCUSSION 

This study expands the findings of our previous study [11]. 
In our previous study, we measured only the nicotine concen- 
tration in tobacco field and one private curing barn. The num- 
ber of samples was insufficient and the lack of a control group 
was a major limitation. Therefore, in this study, we measured 
the nicotine concentration at each step in the tobacco farming 
process including harvesting and curing tobacco leaves. In ad- 
dition, we increased the number of samples, and compared 
our findings with a control group by collecting samples in the 
tobacco fields (lower and upper regions), private curing barns, 
joint curing barns, the front yard of the private curing barns, 
and in the schoolyard. By measuring the nicotine concentra- 
tion in various points, we were able to understand when to- 
bacco farmers are exposed to nicotine throughout all of the 
process required in tobacco farming. This information also 
provides insight as to whether preventive measures or strate- 
gies should be performed differently or more specifically in 
each area according to the concentration of nicotine. 

Generally, nicotine exposure has been measured according 
to the level of environmental tobacco smoke, and measure- 
ments of nicotine exposure during tobacco farming are not 
well known. The nicotine concentrations in our previous study 
were 43.4 mg/m^ (1.4) in tobacco field and 224.4 mg/m^ (1.2) 
in curing barn and were similar to the concentrations in this 
study. In another recent study of Korean tobacco farmers, the 
nicotine concentrations by area sampling were 0.8 |ig/m^ (2.0) 
during harvesting and 246.7 |ig/m^ (1.4) during weaving [12]. 
In addition, in a study performed outside of Korea, the nico- 
tine concentrations were from 50 to 150 |ig/m^ in the post to- 
bacco curing process [14], which are very low level compared 
to our results. It is possible that airborne nicotine concentra- 



tion is affected by various conditions including wind or a ven- 
tilation system as well as the methods and periods of mea- 
surement, which could explain these discrepancies. The mea- 
surement in previous studies might have been conducted 
when few tobacco leaves were present in the field, and the 
curing barn may have had several windows. In our previous 
study, we found the nicotine concentrations in the sampled 
tobacco fields to vary over different periods [11]. We suppose 
these differences may because the nicotine concentration in 
the leaves may change as they mature [1 5]. In addition, almost 
all farmers from previous studies worked outside of their barns 
such as in the road or in their yards. In the latter case, airborne 
dust present in the yard was collected, and then the nicotine 
concentration within the dust was measured. Therefore, it may 
be difficult to compare our findings directly with those of pre- 
vious studies. Another study measured the nicotine concen- 
tration of a bus experimentally exposed to 78 cigarettes over a 
2 hour period was 110 mg/m^ [16]. However, almost all nico- 
tine concentrations of environmental tobacco smoke have 
been measured under 0.5 mg/m^ [17,18]. Moreover, the nico- 
tine concentrations of these studies vary substantially accord- 
ing to the country, place of measurement, and smoking-relat- 
ed policies in the public facilities. 

In the present study, the nicotine concentrations in the to- 
bacco fields were a thousand fold compared with other stud- 
ies and a hundred fold of theTLV-TWA (0.5 mg/m^). Interest- 
ingly, the nicotine concentration of one farmer's field while 
harvesting tobacco leaves was 150.1 mg/m^; this concentra- 
tion is similar to the average concentration (120.1 mg/m^) of 
nicotine in the private curing barns. In addition, the nicotine 
concentrations of the private curing barns and joint curing 
barns were 600 to 1000 folds higher than that of the exposure 
threshold measured in the workplace. Therefore, farmers work- 
ing in their private curing barn or joint curing barn might be ex- 
posed to a level of nicotine that considerably exceeds the fatal 
concentration. According to the American Conference of Indus- 
trial Hygienists recommendation, a considerably fatal exposure 
should be anticipated in these environments [6]. However, de- 
spite the high concentration of nicotine exposure, few fatalities 
have been reported [19]. One reason for this could be that all of 
the measured nicotine in the environment is not absorbed by 
the farmers. Even if a high amount of nicotine is absorbed, of 
the farmers may be resist to nicotine, have different levels of 
susceptibility, and different smoking habits, which may influ- 
ence the occurrence of symptoms. In addition, GTS symptoms 
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including nausea, vomiting, headaches, and dizziness typically 
occur before a fatal condition; therefore, tobacco farmers tend 
to stop working and subsequently decrease their exposure to 
nicotine. 

In this study, no significant different was found between the 
nicotine concentration of the upper and lower regions of the 
tobacco fields; however, we believe that the nicotine concen- 
tration was higher in lower region than in the upper region. 
The upper region is more open and may be exposed to more 
wind than the lower region is. In addition, the high nicotine 
concentration found in the tobacco fields may have been due 
to high levels of heat during measurement, which would have 
increased the amount of vaporization. For example, moisture 
present in the morning may evaporate alongside any present 
nicotine [20]. Therefore, when we measured the nicotine con- 
centration in the tobacco fields, we considered the effects of 
weather such as moisture and wind velocities. Nevertheless, 
detailed analysis of each weather condition was not possible 
because of the small sample size. 

In most private curing barns, only one gate door and one ven- 
tilation window are available to circulate the air. We believe that 
this ventilation system is insufficient and more should be added 
to the ventilation systems. However, during curing, tobacco 
leaves must be stored at a proper humidity; therefore, a ventila- 
tion system that does not decrease the humidity in the curing 
barn is needed. These facts should be considered when install- 
ing ventilation systems in barns used for curing tobacco. 

GTS in South Korea is common during the harvesting sea- 
son (from June to August). However, according to our results 
that indicate the nicotine concentration in the yard during to- 
bacco curing was 73.7 mg/m^ we think that GTS may occur 
until the end of October. Thus, tobacco farmers may be con- 
tinuously exposed to high concentrations of nicotine for 5 to 6 
months a year. 

We were not able to measure the concentration of metabo- 
lites to estimate actual nicotine exposure among the tobacco 
farmers because nicotine disappears rapidly from the blood, 
with a half-life of 2 to 3 hours in humans; however, cotinine is a 
well-known biomarker of nicotine absorption [21]. Generally, to- 
bacco farmers perform many tasks related to tobacco farming; 
therefore, it is difficult to measure nicotine exposure throughout 
the day, even if cotinine is measured. Moreover, because tobac- 
co farming is strenuous labor, it is difficult to measure nicotine 
concentration accurately throughout the day. Furthermore, be- 
cause nicotine concentration in the environment may differ 



from the concentration absorbed in humans, cotinine should be 
measured in future studies to understand the relationship be- 
tween one's work environment and health status [14]. 

In our previous study, we were the first to measure nicotine 
concentration in the tobacco field [11]. Measurements of nico- 
tine concentrations in curing barns as well as tobacco fields 
are still not common in other countries. Understanding the 
history and scope of harvesting tobacco, we suspect that 
many GTS cases happen every year not only in Korea but also 
in China and India. In Korea, Lim and Lee reported the first 
case of GTS [22]. Since, several studies have been conducted 
[23-26], but more are needed worldwide [27]. 

Our research suggests that GTS may result from exposure to 
the respiratory system and skin; therefore, o nicotine concen- 
tration should be measured in the workplaces of tobacco 
farmers for the prevention of GTS. Furthermore, future studies 
are needed to investigate the main route of nicotine absorp- 
tion, and personal protective equipment that protect the skin 
and respiratory system are needed. 
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